Abstract 149 previously untreated patients with Parkinson's disease were recruited over a three year period and randomly allocated to either low dose levodopa-carbidopa
(<, 600/150 mg/day) or low dose bromocriptine (t< 30 mg/day). A five year follow up is reported on the 126 patients who completed the dose titration and who have not developed features of atypical Parkinsonism. Levodopa-carbidopa in low dosage 'adequately controlled symptoms in most patients and delayed the appearance of dyskinesia and end of dose failure for about two years longer than conventional doses. Only a few patients could be managed for more than one year on low dose bromocriptine alone; these patients had mild disease and asymmetric signs. Patients randomised to bromocriptine did not develop dyskinesia or troublesome end of dose failure until levodopa-carbidopa was added. The prevalence of dyskinesia in this group was lower than in patients given levodopa-carbidopa alone. The prevalence of end of dose failure was similar in the two randomisation groups once levodopa was introduced. (7 Neurol Neurosurg Psychiatry 1994;57:903-9 10)
The Sydney Multicentre Study of Parkinson's disease began in August 1984. Our aim was to compare the efficacy and side effects of low dose levodopa-carbidopa (s, 600/150 mg/day) and low dose bromocriptine (s< 30 mg/day) in the treatment of de novo Parkinson's disease. In particular it was hoped to determine whether the incidence of dyskinesia and fluctuations were lower in the bromocriptine group. Interim results on the first three years of the study have been reported.'
The place of bromocriptine in the management of Parkinson's disease remains uncertain though it has been used extensively since 1974.2 Because it has a longer plasma half life than levodopa,3 it was initially given in high doses (>30 mg/day) as a means of controlling "end of dose failure" in patients with advanced disease. 4 It rarely caused dyskinesia when given as sole treatment to de novo patients, although other side effects, such as psychosis and postural hypotension, limited its value.5-7 A study by Teychenne and colleagues8 found that de novo patients could be satisfactorily managed on low doses of bromocriptine, with minimal side effects.
In 1985, Rinne9 reported a low incidence of dyskinesia and fluctuations in de novo patients given low doses of bromocriptine (<30 mg/day), to which low doses of levodopa had been added early in the course of treatment. His control group, given levodopa alone, was from a previous study. More recently, it has been proposed that dopamine agonists such as bromocriptine may, by delaying the introduction of levodopa and reducing the subsequent dose of levodopa, have a neuroprotective role in Parkinson's disease.' IO1 Few patients in the present study could be managed on bromocriptine alone for more than a year or two. Many of these patients are now on a combination of levodopa-carbidopa and bromocriptine. We have thus had the opportunity of comparing this group, one that was derived in a similar way to Rinne's group,9 with a contemporary levodopa group. By July 1992, all surviving patients had completed five years whereas some had achieved seven to eight years in the study. The data on response to low dose treatment and the frequency of motor side effects during five years of follow up are presented.
Patients and methods Recruitment, diagnosis, stratification, randomisation, dose titration, and code breaking have been reported previously.' The study was designed to be double blind in the titration phase. The dose of each drug was gradually increased on a three times a day dosage until the patient reported a satisfactory response. We did not attempt to abolish all symptoms and signs of the disease. Patients have continued to be followed up regardless of whether the treatment code was broken and no matter what changes have been made to their treatment.
One neurologist (MH) performed baseline, end of titration, and yearly assessments with a modified Columbia scale (maximum score with the other four hospital neurologists to improve between rater reliability.'3 When fluctuations were present, the score when "on" was taken for comparison with baseline.
Absolute change in the Columbia score and its components are compared with baseline values for each group of patients at six months then at yearly intervals. We also grouped patients according to whether their Columbia score changed by five to nine or more than 10 points compared with the baseline. We chose a change of five or more points as significant as this is outside our between rater error range. 13 Activities of daily living were recorded on a nine item modified North West University disability scale. 14 Severity of disease was graded on the Hoehn and Yahr scale. '5 Symptoms and side effects were recorded and graded on standard questionnaires. Severity of dyskinesia was graded on a five point scale. 16 Analyses were performed on the two monotherapy treatment groups as originally randomised that is, bromocriptine alone (B) and levodopa-carbidopa alone (LD), on the two groups as randomised even though treatment may have changed, and also on the main treatment subgroups that subsequently formed-for example, bromocriptine to bromocriptine and levodopa-carbidopa combined group (B --B + LD) and bromocriptine to levodopa-carbidopa group (B -+ LD).
Other subgroups were too small to consider independently and the levodopa-carbidopa to levodopa-carbidopa and bromocriptine treatment group is not considered in the early combination group.
In assessing the prevalence of late side effects, such as dyskinesia or fluctuations at each point in time throughout the trial patients were counted as having the side effects from the time that they occurred, even if they disappeared with adjustment of treatment.
Fluctuation (end of dose failure) was recorded as being present if the patient reported on questioning or was seen by us to have: early morning akinesia of any degree; wearing off of the effect of each dose before the next was due on a three times a day dosage; dosage frequency more than three times daily.
Fluctuations have been graded as mild, Other reasons for withdrawing bromocriptine included confusion and hallucinations (10 patients); postural hypotension (four patients), and nausea (four patients). These side effects generally occurred within the first year of treatment. Levodopa-carbidopa was substituted for bromocriptine in these patients, forming the bromocriptine to levodopa-carbidopa (B -+ LD) group.
Seven of 10 patients who became confused on bromocriptine also became confused on low dose levodopa-carbidopa. Of these 10 patients, seven satisfied criteria for dementia. 8 Levodopa-carbidopa group The main reasons for breaking the code in the levodopa-carbidopa group were dyskinesia and dystonia (see later). Low dose levodopacarbidopa proved ineffective in eight patients who had rapidly progressive disease (mean dose 475 mg/day, range 300-600 mg/day); a further six patients experienced confusion and hallucinations and four patients on levodopacarbidopa had nausea.
SERIOUS SIDE EFFECTS
One patient developed retroperitoneal fibrosis (162) 554 (250) after three years of bromocriptine (maximum dose 30 mg/day).19 Two patients developed pulmonary fibrosis after [2] [3] [4] [5] and five years of bromocriptine (maximum dose 30 mg/day). All patients recovered after stopping bromocriptine although the patient with retroperitoneal fibrosis required surgical intervention.
RESPONSE TO TREATMENT Table 3 shows the mean doses used for each drug at one and five years. Although increasing gradually with time, they remained lower than conventional doses. The B -+ LD and B -+ B + LD groups both had higher doses of levodopa-carbidopa than the group that remained on levodopa-carbidopa alone; however, the difference was not significant even at five years (Kruskal Wallis test, p = 0 165). Figure 1 shows the change in Columbia score compared with baseline from six months to five years for patients who remained on bromocriptine and levodopa-carbidopa alone and also for patients who were in the B -+ LD and B -* B + LD groups. The levodopa-carbidopa group was significantly better than baseline for two years (p < 0.001) and remained better than baseline for four years whereas the few patients who remained on bromocriptine alone were better than baseline for only one year and were significantly worse by two years (p = 0 004). Patients in the B -+ B + LD group remained better than baseline at five years but the numbers of patients in this group were small and the results did not achieve significance. Patients in the B -+ LD group deteriorated more rapidly reaching baseline scores at about three years, although their initial response to levodopa was good.
The actual numbers of patients who improved or deteriorated shows a similar trend for each treatment group to that above, which reflects the mean change (table 4) . Levodopa-carbidopa alone was significantly better than bromocriptine alone at one year (p = 0'009) and B -+ B + LD was significantly better than levodopa-carbidopa alone (p = 0 002). At five years more patients in the B B + LD group were improved compared with the baseline and fewer had deteriorated than in the levodopa-carbidopa alone group (p = 0-047).
In interpreting the outcome of patients originally allocated bromocriptine, it is important to recognise that selection processes determined the new treatment subgroups that formed. Patients in the B -+ LD group had more severe disease and were older at entry Hely (mean for all patients without dyskinesia 525 mg/day v 499 mg/day, NS). Thus the dose of levodopa-carbidopa and the follow up were adequate in patients who did not develop dyskinesia compared with those who did.
END OF DOSE FAILURE
Twenty three out of 62 (37%) patients from the bromocriptine randomised group (20/27 after addition of levodopa-carbidopa) and 26 out of 64 (41%) patients from the levodopacarbidopa group developed end of dose failure by five years. for lev-patients who had developed end of dose failyskinesia ure; thus lack of follow up is not a factor in domised explaining the absence of end of dose failure. S). Their slightly DYSTONIA e time of Dystonia mainly involved abnormal posturing yskinesia of the feet and toes in the early morning.
There were 31 patients with foot dystonia: 10 randomised to bromocriptine, of whom nine had received levodopa-carbidopa before the dystonia developed and 21 randomised to levodopa-carbidopa (X2 = 4.7, p < 0.05). Two other patients in the levodopa-carbidopa group developed painful dystonia in the upper and lower limbs of the most affected side (a total of 23 levodopa-carbidopa patients). Four patients (two originally randomised to levodopa-carbidopa, two to bromocriptine) with foot dystonia later developed more proximal upper and lower limb dystonia while on levjS j odopa-carbidopa. Overall, dystonia was sig- dose 41 1 mg/day) than in patients randomised to bromocriptine even allowing for the subsequent introduction of higher doses of levodopa-carbidopa (mean dose 633 mg/day) to the patients on bromocriptine (p = 0 005).
DEATHS
Sixteen of the 126 patients had died by five years: nine of 62 (15%) from the group randomised to bromocriptine and seven of 64 (11%) from the group randomised to levodopa-carbidopa. Very few were able to continue on bromocriptine alone for more than one year. Those that did showed only slight improvement. At one year, only 8% (5/62) of patients randomised to bromocriptine were improved by five or more points on the Columbia scale while on bromocriptine alone compared with 37-5% of the levodopa-carbidopa group. This is less than has occurred in previous bromocriptine studies. 6 9 The mean dose of bromocriptine at one year, in this study, was 18 mg/day. Although the dose was individually titrated for each patient, the rate of dosage increment was calculated on the basis that 1 mg of bromocriptine is equivalent to 20 mg of levodopa (plus decarboxylase inhibitor). Bromocriptine has fared better in comparison with levodopa in studies where a ratio of 1:10 of bromocriptine to levodopa was used.22-24 In de novo patients, the best results for bromocriptine, used alone, have been achieved when more than 30 mg/day is given, half to two thirds of patients being at least 25% improved at one year.5 725 Even at these higher doses, however, few patients can be sustained on bromocriptine alone in the long term. On average 15% reach four to five years5 6 9 22 26 and nearly half of these also receive anticholinergics or amantadine.
In this study, lack of efficacy rather than side effects was the main reason that bromocriptine monotherapy failed. We found that doses below 15 mg/day rarely produced sustained benefit. The patients who best tolerated bromocriptine monotherapy had mild disease, asymmetric signs, and were not demented. Other studies6 7 26 have also found that bromocriptine is best tolerated by patients with mild, early disease.
It is not known why bromocriptine, as the sole treatment, is only effective early in the course of Parkinson's disease. Its main action is thought to be as an agonist for striatal D2 dopamine receptors; perhaps some D, excitation is necessary to achieve the maximal effect.2728 Early in the disease, this could be provided by endogenous dopamine released from surviving nigrostriatal neurons. Some of its effect may also depend on stimulation of D2 autoreceptors on nigrostriatal neurons. 29 Progressive loss of striatonigral neurons with progression of the disease would then reduce its efficacy.
Early combination therapy
All the patients who continued through the study who were originally randomised to bromocriptine were eventually switched to levodopa-carbidopa or a combination of the two drugs. The more mildly affected patients in this group went on to combination treatment; their disability was, nevertheless, more pronounced than that of the patients randomised to levodopa. Despite this, the B -+ B + LD group at times during the course of the trial, showed significantly more improvement in the modified Columbia score than did the levodopa-carbidopa group, suggesting a possible potentiating effect of bromocriptine on levodopa-carbidopa. The number of patients counted as having end of dose failure, even if no longer present as a result of more frequent dosing, also approached the 50% to 70% reported in patients on conventional doses after four to six years.9 21 34 Again, we believe that the severity of this late side effect is milder than with higher doses, in part due to the smaller dose of levodopa producing less noticeable improvement. Only 1% of patients developed the on-off phenomenon compared with the expected 10%.21 31 It seems likely that giving levodopa-carbidopa in low dosage keeps more patients below their thresholds for end of dose failure or dyskinesia. Whether or not there is an added benefit from keeping levodopa dosage low and thereby reducing its possible harmful effects is uncertain.
The early use of bromocriptine significantly reduced the prevalence of dyskinesia at five years after levodopa-carbidopa was added in the group originally randomised to bromocriptine when compared with the group randomised to levodopa-carbidopa. This was not due to a dose sparing effect on levodopacarbidopa once it was started nor to a lack of adequate follow up but may have been related to the delay in the introduction of levodopacarbidopa. The pattern of recruitment from multiple neurologists and the clinical characteristics of the patients did not change much over the three year period of recruitment.
We found no evidence to support the idea that bromocriptine delays the progression of the disease although few patients stayed on this drug alone for more than a year. The number of deaths was equal in the two randomisation groups. The incidence of end of dose failure was not reduced by the early use of bromocriptine. It is too early to judge whether bromocriptine reduces the incidence of on-off phenomena in those patients who continue to be followed up.
In conclusion:
(1) levodopa-carbidopa in low dosage produced an acceptable level of control of symptoms in most patients and delayed the appearance of dyskinesia and end of dose failure by about two years compared with conventional doses. When these late side effects occurred, they were milder than usual.
(2) Low dose bromocriptine monotherapy did not cause dyskinesia and only rarely caused mild end of dose failure but was less effective than low dose levodopa-carbidopa. Only a few patients could be managed on it alone for more than one year.
(3) There was a reduction in the prevalence of levodopa induced dyskinesia in the patients started on bromocriptine to which levodopacarbidopa was later added. This benefit was sustained over a five year period and could not be explained by a levodopa sparing effect once levodopa was started.
(4) Bromocriptine should be avoided in patients with dementia. Patients receiving long term bromocriptine should have regular auscultation and occasional chest radiographs to look for evidence of pleural fibrosis. Changes in bowel or bladder habits or the occurrence of deep vein thrombosis should alert the clinician to the possibility of retroperitoneal fibrosis.
(5) We recommend that patients be treated according to their needs and that the introduction of levodopa should not be delayed once the patient has disability sufficient to interfere with everyday activities. Whenever possible, levodopa should be given in low dosage to minimise late side effects. Bromocriptine monotherapy may be tried in the early stage of the disease in patients with asymmetric signs and mild disability. The early use of bromocriptine seems to be associated with a reduced incidence of dyskinesia once levodopa is introduced. This study was funded by a grant from Sandoz (Australia).
